Electron transport properties of quantum wires in the presence of a periodically modulated magnetic field are investigated. For a short modulated wire, we find dips in conductance just below each mode threshold. The conductance dips are quite robust at low temperature. Increasing the number of periods of magnetic modulation can lead to the formation of minibands and gaps. The differences between the one dimensional (1D) electric superlattice and 1D magnetic superlattice are discussed. We also consider the spatial distributions of currents, which show dramatic differences between the magnetic superlattices and electric ones.
Recently, much attention has been paid to electron transport in magnetic fields that are inhomogeneous on the nanometer scale. Experimentally, such magnetic modulation can be realized by laying metallic strips on the surface of the heterostructure, consisting of either superconducting or ferromagnetic material [1, 2, 3] , or by varying the topography of a non-planar two-dimensional electron gas (2DEG) grown at a GaAs/A1GaAs heterojunction [4] .
In this paper we point out that the experimental study of a new class of semiconductor nanostructures, the 1D magnetic superlattices, is now within reach and we present theoretical predictions of their transport properties. We consider a model of a two-dimensional ballistic quantum wire shown schematically in Figure 1 . This quantum wire has infinite length in the x direction and is confined laterally -W/ 2 < y< W/2 by hard wall potentials. Inside the channel the potential is taken to be zero. Our system consists of a finite magnetic superlattice and two straight leads. A uniform background field B0 is applied to the entire sample, while a finite section of length L=Na is subject to an additional periodically varying magnetic field with amplitude Bm perpendicular to the plane [5, 6] . 
FIGURE
Schematic view of a quantum wire of width W with hard-wall confinement in the transverse direction. A finite section is subject to a periodically varying magnetic field, with profile shown in the lower graph. of 2e2/h, due to propagation of a set of discrete modes through the wire. As the magnetic modulation is turned on, the transport will be affected by the oscillations of B(x), so some change in the character of the conductance is expected. We show in Figure 2 the conductance of the quantum wire as a function of kFW/Tr for N =3, Bm--1.2 T and B0=0.3 T, respectively. In the case of weak modulation, the conductance still shows a staircase structure with plateaus very close to the quantized values 2eZn/h (n being the number of subbands below EF) as shown in Figure 2 (a). Notice that there are dips in conductance just below the threshold of each mode. Similar dips have also been found in the conductance of perturbed quantum wires subjected to local potential disorder, or a potential barrier, or coupled to a resonant cavity, rather than magnetic modulation. Tekman and Bagwell [7] and Berthod et al. [8] have argued that sub-threshold dips like these are Fano resonances; [9] that is, they are due to coupling between a discrete state and the continuum in which it is situated. They have shown how the nearby threshold can induce a discrete bound or anti-bound state and so give rise to the dip.
The coupling between localized states and propagating modes can be revealed by the local current distribution. In the non-magnetic case, it a=O.5W has been found that vortices in the current flow reverse their sense of rotation as the energy is raised through a resonance level [8, 10] . We looked at current flows at a number of energies around the first conductance dip in Figure 2 (a). Away from the dip, the flow is laminar on either side. In a narrow energy window, close to the dip, a number of vortices appear, indicating the presence of a localized state. In our example, with three periods of oscillation, there was one large vortex in each period. These move a little as the energy is raised, but the sense of rotation did not change. Rather, the dip was associated with one vortex moving out of the scattering region, leaving a current pattern transverse to the channel along the end of the scattering region, accounting for the reduced transmission. Since the three main vor-tices are counter-rotating, transmitted electrons follow a meandering path around them. The lack of reversal is understandable as these vortices are driven by the applied magnetic field.
When the background field B0 is increased, the conductance dips shift to higher values of kF W/Tr due to the one-dimensional subbands in the leads, which gradually depopulate as an increasing, perpendicular magnetic field is applied (not shown here). In Figure 2 (b) the length of the period a is 0.67W. Lengthening the scattering region provides thicker magnetic barriers, which tends to reduce the transmission. We see that as a increases, the conductance dips become more pronounced. We also get some conductance oscillations between the dips as we increase a; these are due to multiple reflections within the scattering region.
The temperature dependence of the conductance dips is shown in Figure 2 (b). We find that the conductance dips are quite robust at low temperatures. The dotted line in Figure 2 (b) shows the conductance at T 4 Kelvin. The oscillations due to multiple reflections within the scattering region disappear, but the conductance dips are still apparent. Figure 3 shows the conductance of a modulated quantum wire with N=4 and 8 unit cells, respectively. For a wire with N=4 unit cells the conductance shows an indication of miniband formation in a periodic structure. Although the basic features of the formation of minibands and gaps are already present for wires with a few unit cells, some narrow and fine minibands and gaps reveal themselves only for a rather long modulated wire, as seen in Figure 3 for the wire with N 8 periods.
In Figure 4 we show the calculated conductance of a wire with N 16 and the individual transmission coefficients for each incident mode. The conductance displays dips due to the formation of minigaps and rapid oscillations due to electron transmission through the coupled quasi-zerodimensional states in the cavity regions between the magnetic barriers. Each group of conductance oscillations evolves into a continuous miniband in the limit of an infinitely long superlattice. The formation of minibands and minigaps in a finite lateral surface superlattice has been reported using split-gate structures, in which the 1D lateral surface superlattice is realized by a periodic modulation of constriction width instead of magnetic modulation [11] . In the electric modulated case, the number of oscillations in the first conduction plateau is equal to the number of cavity regions [12] . However, in our case the channel is modulated by the magnetic field. We can see that there is no simple direct correspondence between the number of unit cells and the number of oscillations. This result shows that the effective potential of the magnetic barriers for electron motion in the wire is complicated [13] . The oscillations in higher plateaus are more irregular because of the strong coupling between modes. The peak values of the conductance oscillations should be an integer multiple of 2eZ/h. Some of the peaks fail to reach a quantized The calculated conductance as a function of the amplitude Bin, is displayed in Figure 5 value due to the limited number of data points. The peaks are very narrow and therefore require more extensive computing. We find that the oscillations become more prominent as a becomes longer. It is thus suggested that the formation of an effective loop of edge states is essential for the conductance oscillations as discussed by Takagaki [14] and Yoshioka [15] . One is then dealing with an Aharonov-Bohm type interference.
The conductance, plotted in Figure 4(a) , steps up and down between quantized levels. Conductance quantization is related to the band structure for the corresponding infinite system [12] . However, none of the individual modal transmission coefficients in Figure 4 Vm('meV dual modes for the magnetic superlattice are shown in Figure 5(b) ; the curves are vertically offset for clarity. Although the total conductance, which is the sum of the modal transmissions, is essentially quantized, the individual transmissions, plotted in Figure 5(b) , show complicated dependence on B m.
We also calculated the conductance for an electric superlattice with amplitude Vm and sinusoidal barriers. The geometry of the structure is otherwise the same as that of Figure 5(a) . The conductance for a 1D electric superlattice steps down monotonically as the propagating modes in the leads are blocked by the potential barriers with increasing electric modulation amplitude V,, as shown in Figures 5(c) and 5(d) . No two-unit drop is seen for increasing electric modulation amplitude Vm in Figure 5 (c). Clearly, the unique features of the wave-vector-dependent effective potential for the magnetic barriers are critical for the twounit drop in Figure 5 (a). In our calculations, the two-unit drop in conductance with increasing Bm is predominant but not universal; occasionally we find cases with a one-unit drop. The reason for this is that the effective potential of the magnetic barriers for electron motion along the quantum wire depends on the mode of the incident electron in the leads [13] . displays a complex pattern. Figure 6 (b) shows the current distribution for an electric superlattice with sinusoidal barriers. Notice that in this case,
In conclusion, we have studied the transport the current flows straight across the cell. This properties of a quantum wire in spatially periodic illustrates that electron transport in this electric magnetic and electrostatic fields. We found a superlattice is equivalent to a one-dimensional conductance dip, an example of a Fano resonance, system, in contrast to the magnetic one, in which it just below each mode threshold. These conducis not.
tance dips shift to higher values of kv W/r when the background field is increased. As the length a of the period increases, the conductance dips broaden and the dips for higher modes become more pronounced. The conductance dips are quite robust at low temperatures. We have shown that many features of electronic transport in 1D magnetic superlattices differ from those of the electrostatically modulated ones. We find that unlike the electric superlattice, the number of oscillations in the first conduction plateau has no simple direct correspondence to the number of unit cells N. The conductance of 1D magnetic superlattices does not decrease monotonically with increasing Bm but rather steps up and down between quantized levels, sometimes going to zero. The spatial distributions of current density show dramatic differences between the magnetic and electric superlattices. This complex behaviour suggests that the experimental study of 1D magnetic superlattices should be very interesting. Several methods are available to produce such devices, including the laying down of patterned superconducting strips on top of a gated device.
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